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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] As a weight ratio, C:0.45 - 0.65%, Si:0.30 ** -1.20%, Mn: 0.2-0.6%, S:0.001 - 0.03%. less than [ Ti:0.005- 
0.020% ], aluminum: 0.010-0.06%, B:0.0005 - 0.005%, Steel for cold-forging-induction hardening characterized by 
containing less than N:0.0015 - 0.005%, restricting to less than [ Cu:0.05% ] and less than [ T.O:0.0020% ] P:0.025% or 
less, and the remainder consisting of iron and an unescapable impurity. 

[Claim 2] As a' weight ratio, C:0.45 - 0.65%, Si:0.30 ** -1.20%, Mn: 0.2-0.6%, S:0.001 - 0.03%, less than [ Ti:0.005- 
0.020% ], aluminum: 0.010-0.06%, B:0.0005 0.005%, Less than N:0.0015 - 0.005% is contained. Further nickel:0.05- 
3.00%, One sort (Cr0.03-0.70% ,anaVMo:0.0 1-0.70%) or two sorts or more are contained. Steel for cold-forging- 
induction hardening characterize'd by restricting to less than [ Cu:0.05% ] and less than [ T.O:0.0020% ], and the 
remainder consisting of iron and an unescapable impurity P:0.025% or less. 

[Claim 3] As a weight ratio. C:0.45 - 0.65%, Si:0.30 ** -1.20%, Mn: 0.2-0.6%, S:0.001 - 0.03%. less than [ Ti:0.005- 
0.020% ], aluminum: 0.010-0.06%, B:0.0005 - 0.005%, Less than N:0.0015 - 0.005% is contained. Further V:0.03 - 0.3%, 
Nb: Steel for cold-forging-induction hardening characterized by containing one 0.005-0.1% sort or two sorts, 
restricting to less than [ Cu:0.05% ] and less than [ T.O:0.0020% ] P:0.025% or less, and the remainder consisting of 
iron and an unescapable impurity. * 

[Claim 4] As a weight ratio, C:0.45 - 0.65%, Si:0.30 ** -1.20%, Mn: 0.2-0.6%, S:0.001 - 0.03%, less than [ Ti:0.005- 
0.020% ], aluminum: 0.010-0.06%, B:0.0005 - 0.005%, Less than N:0.0015 - 0.005% is contained. Further nickel:0.05- 
3.00%, One sort (Cr0.03-0.70% and Mo:0.0 1-0.70%) or two sorts or more are contained. Furthermore, one sort (V:0.03 
- 0.3% and Nb:0.005-0.1%) or two sorts are contained. Steel for cold-forgingHnduction hardening characterized by 
restricting to less than [ Cu:0.05% ] and less than [ T.O:0.0020% ], and the remainder consisting of iron and' an 
unescapable impurity P:0.025% or less. 

- a \A i l IM 2L1 

* , ^ ™ » — — _ — ~..^,. rr ~ — ... v> >.. * ^ _ ~ 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is concerned with the steel for cold-forging-induction hardening, and relates 
to steel suitable as an object for components manufactured according to the process which includes shaping of 
components and induction hardening by cold forging in the shank article which has rolling contact surfaces of rolling 
element like the shafts 1-3 with the outer case section 4 shown in drawing 1 in more detail, and bearing parts. 
[0002] 

[Description of the Prior Art] Orientation of high-intensity-izing and the improvement in a rolling fatigue life is [ in / 
in connection with the high increase in power of an automobile engine in recent years, and atmospheric control 
correspondence / a shank article and bearing parts ] strong. On the other hand, although fabrication of these 
components is usually carried out to the predetermined part shape by hot forging, it points to the change to cold 
forging from the view of a productivity drive strongly. Therefore, if it high-alloy-izes in order to attain high intensity- 
ization, since it will be hard in the phase before induction hardening and cold forging will become difficult, 
coexistence of high-intensrty-izing after cold-working nature and induction hardening and a raise in a life is called 
for. 

[0003] On the other hand, the manufacture approach of the machine structural steel worker components 
characterized by carrying out induction hardening after cold forging by being made from the steel for cold forging 
which becomes a JP.1-38847.B official report from less than [ Ti:0.05% ], aluminum:0.01 5-0.05%, and N:0.010% or less 
C:0.35 ** -0.65% less than [ Si:0.15% ], less than [ Mn:0.6% ], and B:0.0005 to 0.005%, and manufacturing machine 
structural steel worker components is shown. In this invention, less than [ Si:0.15% ] is one of the descriptions. 
Moreover, the addition of the 1st page [ 3-4th ] table of this official report to Ti is 0.02 - 0.04%. The formability in 
* cold forging of this steet has not necessarily fully realized reinforcement sufficient as a shank article and bearing 
parts. The rolling fatigue property in components especially like an outer ring of spiral wound gasket is inadequate. 
[0004] Moreover, the steel materials for direct cuttin^ind'uc^ipnvhardening which have a with a ferritic grain size 
numbers of six or more Fine grain. orgahfzatio^at less' than [ Si:0.35% ], Mn:1.0 ** -1.5%, B:0.0005 - 0.0035%, Ti:0.01- 
0.05%, aluminum:0.01-0.06%; and'N:0.0Y6% : orVss are shown in the JP.5-179400A official report C:0.38 to 0.45%. One 
of the descriptions of this invention material is Mn:1.0 ** -1.5%, and cold forging is difficult although property with 
the sufficient static **** reinforcement after induction hardening is acquired in a shank article. Moreover, about the 
rolling fatigue property in components like an outer ring of spiral wound gasket, it is not considered at all. 
[0005] 

[Problem(s) to be Solved by the Invention] The purpose of this invention tends to offer the steel for induction 
hardening which can acquire the strength property which a shank article and bearing parts could manufacture at the 
cold-forging process, and was excellent in a shank article and bearing parts, especially a rolling fatigue property. 
[0006] 

[Means for Solving the Problem] In order to realize steel for induction hardening which can acquire the strength 
property which was excellent in formability in cold forging, and was excellent in a shank article and bearing parts, 
especially a rolling fatigue property, this invention persons inquired wholeheartedly and acquired the following 
knowledge. 

(1) In order to secure the formability in cold forging in the phase of a material, it is effective to reduce Mn which is a 
solid-solution hardening element, and P. The hardenability which deteriorated by Mn reduction is compensated by B 
addition. 

(2) In order to secure formability in cold forging, rationalization of Ti and the amount of N is still more indispensable. 
In order to pull out the hardening disposition top effectiveness of the above-mentioned B, it is necessary to add Ti 
and to reduce Dissolution N. However, abundant addition (Ti:0.02-0.04%) of Ti which is indicated in the 1st page [ 3- 
4th ] table of a JP.1-38847.B official report causes the following evils. 

[0007] (i) TiN or TiC deposits in the cooling process of spheroidizing performed before cold forging, or softening, and 
precipitation hardening by this causes the increment in the deformation resistance between the colds in Ti abundant 
addition steel. 

(ii) In quantity Ti steel, the abundant deposit of TiN and TiC causes a crack at the time of cold forging, and worsens 
formability in cold forging remarkably. 

[0008] It is thought that it is based on the evil of Ti abundant addition to such formability in cold forging that whose 
formability in cold forging of the technique of a JP.1-38847.B official report is not necessarily enough, the evil of Ti 
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to formability in cold forging — controlling — in addition — and in order to pull out the hardening disposition top 
effectiveness of B, it is required to restrict to less than [ Ti:O.O05-O.O2O% ]. and it is required to control in less than 
N:0.0015 - 0.005% of range further again. 

(3) Next when the rolling fatigue test of induction hardening material is performed, in a rolling fatigue process, a 
white organization and a carbide organization generate, quality-of-the-material degradation accompanied by the fall 
of hardness takes place, and destruction breaks out with such the local quality-of-the-material degradation section 
as the starting point. In order to control quality-of-the-material degradation in these rolling fatigue processes and 
to raise a life, addition of Si and increase in quantity are effective. 

(4) In more than further conventional Ti:0.020% and the boron steel containing N:0.005% or more, rolling fatigue 
breaking happens with TiN as the starting point. A rolling fatigue property has the inadequate technique of a JP.1- 
38847.B official report, and, as for one of the causes which have not spread, this is considered to be the cause. 
Therefore, it is indispensable to regulate Ti and the amount of N also from the view of the improvement in a rolling 
fatigue life in less than [ Ti:0.005-0.020% ] and less than N:0.0015 - 0.005% of range. 

(5) In addition to the above, the effectiveness of quality-of-the-material degradation control in a rolling fatigue 
process and hardness fall prevention becomes still larger by carrying out proper amount addition of nickel, Cr, and 
the Mo further. 

(6) When static-****-destroying, twisting by the shank and starting fatigue breaking, addition of Si and increase in 
quantity are effective in high-intensity-izing. Moreover, grain refining by Nb and V addition is also effective in high- 
intensity-izing. This is because grain boundary reinforcement improves and an intercrystalline crack is controlled by 
addition and grain refining of Si. 

[0009] knowledge with this invention new [ more than ] — a basis — ******-do — it is ** and the place made into 
the summary is as follows (following % is weight %). C:0.45 - 0.65%, Si:0.30 ** -1.20%, Mn:0.2-0.6%, SiO.001 - 0.03%. 
less than [ Ti:0.005-0.020% ]. aluminum:, 0g1 0-0.06%, B:0.0005 /t'0.005%, Less than N:0.0015 - 0.005% is contained. As 
occasion demands nicke 1:0.0 5 u !ffio%:t^ One'- sort or two sorts or more of 0.03-0.70% and Mo:0.01 - 0.70%**, It is 
the steel for cold-forging-induction hardening with which one sort (V:0.03 - 0.3% and Nb:0.005-0.1%) or two sorts are 
contained, it restricts to less than [ Cu:0.05% ] and less than [ T.O:0.0020% ] P:0.025% or less, and the remainder 
consists of iron and an unescapable impurity. 
[0010] 

[Embodiment of the Invention] Below, this invention is explained at a detail. The reason which limited the component 
content range of the steel materials of this invention like the above is explained. 

Although C:0.45 - 0.65%C was rolling fatigue strength required as components of a final product, and an element 
effective in order to twist and to obtain fatigue strength, in the case of induction hardening material, the 
effectiveness was insufficient [ C / less than 0.45% ], and since the grain community reinforcement exceeding 0.65% 
deteriorated and it caused strong degradation on the contrary, it made the content 0.45 - 0.65%. 
[001 1] Si:0.30 ** -1.20% — being thin — although it adds for the purpose of making the life of a final product 
increase as a deoxidation element by a white organization and carbide histogenesis control in a rolling fatigue 
process, and quality-of-the-material degradation control, 0.30% or less of the effectiveness is insufficient On the 
other hand. Si is a solid-solution hardening element, if the amount exceeding 1.20% is added, the hardness of the 
material before cold forging will increase remarkably, and formability in cold forging will deteriorate. The content of 
Si was made into 0.30 ** -1.20% from the above reason. 

[0012] Mn: 0.2 - 0.60%Mn is detailed-ization (iii) of the austenite grain at the time of (ii) induction hardening heating 
by forming MnS in the improvement in (i) hardenability, and steel. It adds for the purpose of improvement in 
machinability. However, less than 0.2% of this effectiveness is insufficient on the other hand, if it exceeds 0.60%, the 
hardness of the material before cold forging will increase and formability in cold forging will deteriorate. The content 
of Mn was made into 0.2 - 0.60% from the above reason. 

[0013] Although S:0.001 - 0.03%S exists as MnS in steel and it contributes to the improvement in machinability, and 
detailed-ization of an organization, less than 0.001% of the effectiveness is insufficient. On the other hand, if it 
exceeds 0.03%, the effectiveness will be saturated and will cause degradation of a rolling fatigue property rather. The 
content of S was made into 0.001 - 0.03% from the above reason. 

[0014] Ti: Ti combines with N in steel less than 0.005 to 0.020%, generate TiN, and add for the purpose of prevention 
of BN deposit by the full fixity of Dissolution N. i.e., reservation of Dissolution B. However, as for the effectiveness, 
less than 0.005 were insufficient and on the other hand, by 0.020% or more of superfluous addition, since 
degradation of increase of the deformation resistance between the colds by a lot of TiNTiC(s), a cold-forging crack, 
and the rolling life in a final product was caused, the content was made into less than 0.005 - 0.020%. 
[0015] aluminum: Although aluminum was added as a deoxidation element and a grain-refining element 0.010 to 
0.06%, less than 0.010%' of the effectiveness was insufficient and since the effectiveness is saturated and toughness 
was rather degraded when it exceeded 0.06%, on the other hand, the content was made into 0.010 - 0.06%. 
Grain boundary segregation of the B:0.0005 - 0.005%B is carried out to an austenite grain boundary in the state of 
dissolution, and it adds making hardenability increase as an aim. The operation which makes grain boundary 
reinforcement increase to coincidence by driving out grain boundary impurities, such as P and Cu, of a grain 
boundary also exists, grain boundary reinforcement — a shank — twisting — reinforcement — it twists and fatigue 
strength increases. However, less than 0.0005% of the effectiveness was insufficient, and on the other hand, since 
the superfluous addition exceeding 0.005% caused grain boundary embrittlement rather, it made the content 0.0005 - 
0.005%. 
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[0016] Although less than N:0.0015 - 0.005%N is added for the purpose of detailed-izing of the austenite grain at the 
time of the high-frequency heating by the carbon nitride deposit of AIN etc., less than 0.0015% of the effectiveness 
is insufficient. On the other hand, at 0.005% or more, since life degradation with increase, cold-forging crack, and 
final product of the deformation resistance between the colds by a lot of TiN deposits was caused while depositing 
BN and causing reduction of Dissolution B, the content was made into less than 0.0015 - 0.005%. 
[0017] P:0.025%or less P makes material hardness high by solid-solution hardening, and degrades formability in cold 
forging in the phase before induction hardening. Furthermore, grain boundary segregation reduces a lifting and grain 
boundary reinforcement to an austenite grain boundary, and it twists, and it is [ the brittle fracture under stress ] 
lifting-easy, and it is carried out, therefore reinforcement is reduced. Since a fall on the strength would become 
remarkable if especially P exceeds 0.025%, 0.025% was made into the upper limit In addition, when planning grain 
boundary reinforcement more, 0.020% or less is desirable. 

[0018] Cu: It becomes the cause of a lifting and a fall on the strength about grain boundary segregation like [ less 
than / 0.05% / Cu ] P in an austenite grain boundary. Since a fall on the strength would become remarkable if 
especially Cu exceeds 0.05%, 0.05% was made into the upper limit. 

T. Although it is the sum of an oxygen content in which the T.O content forms the dissolved oxygen content and 
oxide (mainly alumina) in steel in 0:0.0020% or less this invention, a T.O content is mostly in agreement with the 
oxygen content which forms the oxide. Therefore, there will be much oxide system inclusion, so that a T.O content 
is high. In a rolling fatigue process, oxide system inclusion serves as a trigger of a white organization and carbide 
histogenesis, and quality-of-the-material degradation, and causes rolling fatigue life degradation. Since this 
phenomenon would become remarkable if especially O exceeds 0.0020%, 0.0020% was made into the upper limit. In 
addition, in order to make nonmetallic inclusion detailed and to attain high life-ization further, proper amount 
addition of Mg which these people proposed in JP.7-54103.A is effective. It is good also as steel materials with 
which the oxide which contains T.Mg:0.0005-0.0300% further and is contained in steel about claims 1-4 is satisfied 
with this invention of a degree type as a number ratio. 

[0019] (MgO-aluminum2 03 number +MgO riumber)/-- all — .one. sort of nickel, Cr. and Mo or two sorts or more 
can be made to contain for the purpose* of the improvement in induction hardening nature and quality-of-the- 
material degradation control in a rolling fatigue process, and a white organization and carbide histogenesis control in 
oxide system inclusion number >=0.80 next claim 2, and the steel materials of invention of four 
nickel:0.05-3.00%, Cr:0.03-0.70%, and Mo: — it is effective in repeat softening prevention each of these elements 
improving hardenability 0.01 to 0.70%, and controlling the fall of the dislocation density in a rolling process, or by 
controlling generation of a cementite in a repeat process. Especially addition of Mo has large effectiveness. Since 
this effectiveness was saturated and caused evils, such as degradation of formability in cold forging, and degradation 
of the final product by the poor dissolution of the carbide at the time of induction hardening on the strength, rather 
when less than [ nickel:0.05% ], less than [ Cr:0.03% ], and less than [ Mo:0.01% ] are inadequate as for this 
effectiveness and nickel:3.00%, Cr0.70%, and Mo:0.70% were exceeded on the other hand, that content was limited to 
the above-mentioned range. 

[0020] Next claims 3 and 4 are the steel which made detailed the austenite grain at the time of high-frequency 
heating, and attained high intensity-ization by intergranular fracture control. 

V:0.03 - 0.3%, and Nb: — 0.005 to 0.1%, V and Nb form carbon nitride in steel, and have the effectiveness of making 
the austenite grain at the time of high-frequency heating making it detailed. However, less than 0.005% had [ less 
than 0.03% and Nb content / the effectiveness ] insufficient V content, and since the effectiveness was saturated 
with V:0.3% ** and Nb:0.1% ** and degradation of formability in cold forging and degradation on the strength with a 
final product were caused rather on the other hand, these contents were made into V:0.03 - 0.3%, and Nb:0.005- 
0.1%. 

[0021] Here, one of the causes of local quality-of-the-material degradation section generation in the rolling fatigue 
process which is the main factor of rolling fatigue breaking is the hardness nonuniformity of a hardening layer. The 
object components of the invention in this application are usually after rolling, spheroidizing, cold forging, and A3. 
Although induction hardening is carried out after passing through simple annealing in the temperature below a point 
1 to several times, the organization in front of induction hardening is greatly influenced in the organization of rolled 
stock. That is, the ferrite particle size of rolled stock becomes big and rough [ ferrite particle size / in / being big 
and rough / the balling-up organization in front of induction hardening ], and it becomes easy to produce hardness 
nonuniformity after induction hardening. If the ferrite particle size of a rolled stock organization exceeds 30 
micrometers especially, the nonuniformity of remarkable hardness will be produced in a hardening layer, and it will 
lifting-come to be easy of rolling fatigue breaking. Therefore, it is desirable to set ferrite particle size of a rolled 
stock organization to 30 micrometers or less. However, this tissue factor is not limited especially in this invention. 
[0022] Moreover, which conditions are sufficient as long as it does not limit especially manufacture conditions but is 
satisfied with the steel for induction hardening of this invention of the requirements for this invention. For example, 
although the method of performing manufacture by hot rolling of a steel-materials material after finishing 
temperature;750-900 degree C and finishing rolling on the average cooling rate:0.1-1.7 degree-C/second conditions 
of a 700-500-degree C temperature requirement is raised in order to improve formability in cold forging further, and 
to raise induction hardening nature, it does not limit especially in this invention. Moreover, on the occasion of 
manufacture of the components using this invention steel, heat treatment of spheroidizing, simple annealing, and 
usual annealing, normalizing, etc. can be performed if needed before cold forging. 
[0023] Below, an example shows the effectiveness of this invention still more concretely. 
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[0024], 

[Example] The steel materials which have the presentation of Table 1 were rolled out to the steel bar with a 
diameter of 50mm. From this steel bar, the optical microscope observation test piece was extracted, NAITARU liquid 
corroded 5%, and it observed by 200 times and 400 times, and asked for ferrite particle size. Ferrite particle size is 
collectively shown in Table 1. 
[0025] 
[Table 1] 
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[0027] Next, spheroidizing of this steel bar was carried out Then, hardness was measured. Moreover, the test piece 
with a diameter [ of 14mm ] and a height of 21mm was extracted, and the deformation resistance between the colds 
and a critical upsetting ratio were measured as an index of formability in cold forging. A result is shown in Table 2. 
[0028] 
[Table 3] 
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[0030] furthermore, an ingredient [ finishing / this spheroidizing ] to the parallel part diameter of 20mm — it twisted 
and the fatigue test specimen was extracted. It twists and is the frequency of 8.5kHz about a fatigue test specimen. 
Induction hardening was performed and it annealed at 170 degrees C after that All of effective case depth 
hardended by carburizing treatment are about 5mm. Then, it twisted and the fatigue test was performed. It twists 
and a fatigue property is 1x104. The time amount reinforcement in a cycle estimated. Each test specimen twists to 
Table 2, and fatigue strength is shown in it. 

[0031] Moreover, from the ingredient [ finishing / this spheroidizing ], the rolling fatigue test specimen was extracted 
and created, induction hardening was performed on conditions with a frequency [ of 100kHz ], and a hardening layer 
depth of 2-3mm, and tempering processing was performed at 160 degrees C. Evaluation of a rolling fatigue life used 
the point contact rolling fatigue tester (Hertz best osculation stress 600 kgf/mm2) by the cylindrical rolling fatigue 
test specimen. As a scale of a fatigue life, "the number of stress repeats to fatigue breaking in 10% of accumulation 
breakage probabilities which plot a test result to Weibull chart and are acquired" is usually used as L10 life. The 
relative value of L10 life of each steel materials when setting to 1 29 (steel which added Ti and B to S53C steel of 
JlS)Lcomparison steel 10 life was shown in Table 2. Moreover, 108 About the test piece after rotational motion 
fatigue, the existence of a white band organization and a carbide organization was investigated, and the result was 
collectively shown in Table 2. Furthermore, it is 108 in order to evaluate the quality-ofH:he-material degradation 
behavior in a rolling fatigue process. The decrement of the half peak width of the X diffraction peak of a ferrite (211) 
side was evaluated in the location with a depth of 0.2mm from the rolling contact surfaces of rolling element of the 
test piece after rotational motion fatigue. Cr bulb was used as an X-ray generation source. Moreover, the amount of 
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falls of the hardness accompanying the rolling fatigue test in nomotopic was also evaluated. 

[0032] No. of Table 2 1-28 are this invention steel. As compared with the comparison steel 29, hardness is soft, and 
deformation resistance is also small, and a critical upsetting ratio is large, and formability in cold forging is excellent 
in this invention steel. Moreover, this invention steel twists and fatigue strength is more than an EQC as compared 
with the comparison steel 29. Furthermore, in this invention steel, generation of a white band organization and a 
carbide organization is controlled by each, and the decrement of the half peak width in a rolling fatigue process and 
the amount of falls of hardness are also small. Thereby, compared with the comparison steel 29, as for this invention 
steel, about seven to 12 times and a very good rolling fatigue property were acquired. 

[0033] On the other hand, the comparison steel 32 is the case where the content of Ti exceeds the range of this 
invention, the comparison steel materials 33 are the cases where the content of N exceeds the range of this 
invention, all of deformation resistance are large compared with this invention steel 1. and its critical upsetting ratio 
is small, that is, its formability in cold forging is not good. Moreover, the rolling fatigue property is also inferior. The 
comparison steel 34 is the case where the content of Si is less than the range of this invention, compared with this 
invention steel 1, it is twisted and the fatigue property and the rolling fatigue property are inferior in it. The 
organization change after rolling fatigue is accepted, and "the decrement of the half peak width after rolling fatigue" 
and the "amount of hardness falls after rolling fatigue of the comparison steel 34" are relatively large as compared 
with this invention steel 1. That is. since Si is low, as compared with the invention in this application, a rolling fatigue 
life runs short of the comparison steel 34, because quaiity-of-the-material degradation in a rolling fatigue process 
was not controlled. Moreover, since Si is low, it twists and fatigue strength runs short because grain boundary 
reinforcement is inadequate. 

[0034] Next it is the case where the cqnten£6fi 3i^was;less>than the range of this invention, and the content of Mn 
exceeds the range of this invention further, and the comparison steel 31 of deformation resistance is large 
compared with this invention steel 1, and a critical upsetting ratio's is small, that is, its formability in cold forging is 
not notably good. It twists and the fatigue property is also inferior. Moreover, the rolling fatigue property is also 
inferior. The organization change after rolling fatigue is accepted, and "the decrement of the half peak width after 
rolling fatigue" and the "amount of hardness falls after rolling fatigue of the comparison steel 31" are relatively large 
as compared with this invention steel 1. This of a rolling fatigue life running short of the comparison steel 31 as 
compared with the invention in this application is the cause. 

[0035] Moreover, the comparison steel 30 is the case where the content of Si was less than the range of this 
invention, and the content of Ti and N exceeds the range of this invention, and the comparison steel 29 is the steel 
which added Ti and B to the S53C steel of JIS, and it is the case where the content of Si, Mn, Ti, and N differs from 
the range of the invention in this application. All of deformation resistance are large compared with this invention 
steel 1, and a critical upsetting ratio is small, that is, formability in cold forging is not notably good. It twists and the 
fatigue property is also inferior, and organization change is accepted in a rolling fatigue process, and the rolling 
fatigue property is also inferior. 
[0036] 

[Effect of the Invention] As stated above, by using the steel for cold-forgingHnduction hardening of this invention, a 
shank article and bearing parts become possible [ acquiring the strength property which could manufacture at the 
cold-forging process and was excellent in a shank article and bearing parts, especially a rolling fatigue property ], 
and a very remarkable thing has the effectiveness on industry. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the front view of a shaft with the outer case section. 

[Description of Notations] 

1, 2, 3 — Shaft 

4 — Outer case section 



[Translation done.] 
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Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 
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□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 



I^J/LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 
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COLOR OR BLACK AND WHITE PHOTOGRAPHS 



ED/SLANTED IMAGES 



□ GRAY SCALE DOCUMENTS 




